Abstract: Anterior cruciate ligament (ACL) tears are detrimental to knee stability and normal function. Although the standard of treatment is an ACL reconstruction, technical improvements are sought to enhance clinical outcomes due to the appreciable failure rate. The use of autologous biologic substances as carriers of stem cells are desirable because of their multipotent properties. Traditionally, the collection of autologous bone grafts is through an open incision of the iliac crest, which causes substantial morbidity to the patient. This Technical Note describes an arthroscopic, minimally invasive collection method of autologous tibial and femoral bone graft to use in backfilling the tunnels during an ACL reconstruction to improve graft incorporation and clinical outcomes.
U p to 200,000 anterior cruciate ligament reconstructions (ACLRs) are performed each year in the United States, with failure rates as high as 20%. [1] [2] [3] [4] Factors of anterior cruciate ligament (ACL) graft failure include traumatic events, inadequate surgical technique, and poor graft integration. [1] [2] [3] Improper tunnel placement and ACL graft tensioning are common technical errors. 1 Furthermore, biological or mechanical effects can provoke unsuccessful graft integration. 2 Graft-to-bone healing is a critical aspect of successful ACLRs. Several studies have focused on improving this process through the use of growth factors and biomaterials. [5] [6] [7] [8] Mesenchymal stem cells (MSCs) are self-renewing, multipotent cells found in bone marrow and periosteum. 9 MSCs possess potential for orthopaedic applications due to their ability to differentiate into bone, cartilage, muscle, tendon, ligament, and fat. 9 The presented technique uses bone fragments dislodged during femoral and tibial tunnel reaming as the source of bone autograft as an MSC carrier in an ACLR to facilitate tendonebone healing and graft incorporation.
Surgical Technique Patient Positioning
The patient is positioned supine on the operating table with a lateral post. Perioperative antibiotics and a peripheral nerve block are administered. General anesthesia is induced. The bony prominences are padded and a tourniquet is applied to the proximal thigh. The lower extremity is prepped and draped in the usual sterile fashion.
Arthroscopic Portal Placement
A standard anterolateral portal is created using a #11 blade and dilated with a blunt trocar. A diagnostic arthroscopy is performed. A standard anteromedial portal is created under needle localization.
Autologous Bone Graft Collection (With Video Illustration)
A non-aggressive shaver and electrocautery are used to debride the femoral and tibial footprints along with residual graft fibers. A 55 tibial guide is inserted into the anteromedial portal and positioned posterior to the anterior horn of the lateral meniscus. An incision over the anterior tibia is created with a #15 blade and dilated. A Beath pin is fired through the tibial guide. A GraftNet Autologous Tissue Collector (Arthrex, Naples, FL) is attached to suction tubing. The tibial tunnel is barrel reamed over the Beath pin while suction is used to collect bone fragments (Fig 1, Video 1) . The Achilles allograft is trimmed corresponding to tibial tunnel diameter, whipstitched, loaded onto an ACL TightRope (Arthrex), and tensioned. A corresponding over-thetop guide is inserted into the anteromedial portal and positioned in the intercondylar notch. The knee is hyperflexed. A Beath pin is fired bicortically through the femur and the condylar width is measured. The femoral socket is barrel reamed over the Beath pin. Then the bone fragments are collected with the GraftNet device (Arthrex) attached to the shaver suction ( Fig  2, Video 1 ).
Bone Graft Preparation
A total of 5 mL of blood is drawn from the patient. The collected bone fragments are placed into a specimen cup ( Fig 3A, Video 1 ). Each bone graft is prepared by mixing half the collected bone fragments with 2 mL of blood (Fig 3B, Video 1) . The bone graft is loaded into the BioXpress Graft Delivery device (Arthrex) (Fig 4,  Video 1 ).
ACLR With Achilles Allograft and Femoral Tunnel Backfilling
A 0-Vicryl suture is attached to the end of the Beath pin, passed through the femoral tunnel, and clamped. The BioXpress device is used to backfill the femoral tunnel with the prepared bone autograft (Fig 5, Video  1 ). The 0-Vicryl suture is unclamped and a suture grasper is used to pass the looped end of the suture through the tibial tunnel. The TightRope and graft are loaded onto the 0-Vicryl and passed using the suture. The TightRope button is flipped firmly against the lateral femoral cortex. Mini C-arm radiographs are taken to confirm button placement. The graft is fixed into the femoral tunnel by tensioning the white tension sutures of the TightRope. The knee is cycled 20 times to remove graft creep.
Tibial Tunnel Backfilling
The knee is repositioned into near-full extension. The tibial tunnel trajectory is confirmed with a nitinol wire. After dilation, a biocomposite fast thread interference screw is screwed into the tibial tunnel while a posterior drawer is applied to the knee (Video 1). The BioXpress device is used to deliver the prepared bone autograft into and over the interference screw (Fig 6, Video 1) .
The arthroscope is reinserted into the knee joint and the white sutures are re-tensioned. The graft integrity is tested with a probe. A tibial tug test is performed on the sutures exiting the tibial tunnel. Excess graft and sutures are removed. The incision site is irrigated and excess fluid is suctioned. The incisions are closed and dressed in the standard fashion.
Postoperative Care
The patient is placed in a knee extension brace locked in full extension. Patients are encouraged to achieve 90 flexion by their first postoperative visit. Formal physical therapy begins after the first postoperative visit.
Discussion
ACLRs are corrective procedures for ACL tears and are among the most common orthopaedic surgeries performed. 1 However, their failure rate motivates a pursuit for improvement. [1] [2] [3] Poor graft integration prompts scar tissue development and inferior mechanical properties. 10 Moreover, enhancing primary ACL reconstructions will help reduce the frequency of revision ACL procedures that have inferior outcomes. 11 Therefore, improving the speed and quality of graft integration would improve overall clinical outcomes. 5 Several studies have analyzed the effects of MSCs on promoting tendon-to-bone healing. [5] [6] [7] [8] MSCs are multipotent, self-renewing cells derived from various tissues, including bone. 6, 12 Their osteogenic abilities show promise in bone, muscle, and ligament regeneration applications. 12 According to Setiawati et al., 5 MSCs improve angiogenesis and osteogenesis of the graft within the tunnel. Both Setiawati et al. 5 and Lim et al. 7 used MSCs in rabbit ACLRs that resulted in biomechanically superior ACLRs with more native ACL chondral entheses compared with controls. Although promising, the efficacy of MSCs in vivo remains inconclusive, as there are studies that show no improvement upon MSC treatment. 8 Various growth factors, such as transforming growth factor-b (TGF-b), are also present in bones. 13, 14 A study examining the injection of upregulating TGF-b MSCs into osseous tunnels during rabbit ACLRs found tighter entheses, reduced scar tissue, sealed bone tunnels, and greater quantities of cell types indicative of healing compared with controls. 6 Moreover, they found that overexpression of TGF-b promoted greater maximum load, rigidity, new bone formation, and mineral densitydwhich are integral to achieving robust graft fixation. 6 The proposed ACL technique uses an autologous bone graft prepared from bone fragments generated during typical femoral and tibial tunnel reaming as an MSC carrier. Harvesting the bone graft in this manner for ACLRs combats harvesting complications that arise from the more common iliac crest bone grafts (Table 1) . 15, 16 Comparative studies report reduced donor morbidity, more plentiful MSCs and growth factors, and greater levels of gene expression corresponding to vascular, skeletal, and hematopoietic tissues in bone grafts derived from similar techniques when compared to iliac crest bone grafts harvesting. 15, 16 The addition of backfilling tunnels with bone autograft to traditional ACLR methods is performed to improve ACL graft integration and overall healing and rehabilitation. Disadvantages (Table 2) include prolonged operative time, increased risk of infection, and other biological complications without definitive benefits. 16 Further research is needed to better understand the realistic potential of bone grafting effects in ACLRs as many studies are limited to animal models and shortterm analyses. However, this Technical Note establishes a proof of technique concept that can be incorporated by operators into their own ACLR and revision procedures if so desired. Pearls and pitfalls are listed in Table 3 . Pass the button through the femoral socket before backfilling with bone graft, then secure the anterior cruciate ligament graft by dunking it into the femoral socket. Take care when transferring bone autograft from the GraftNet device to the specimen cup to prevent bone autograft spillage. Place the suction directly below the reamer to collect tibial fragments.
Backfilling the femoral tunnel with autologous bone graft before passing the TightRope button may obstruct passage of the TightRope and anterior cruciate ligament graft. Excess fluid in the knee or a high blood-to-graft ratio during bone autograft preparation can lead to graft leakage from the femoral tunnel.
